Introduction {#sec1-1}
============

Noise is a common physical exposure in the workplace and noise-induced hearing loss (NIHL), the most frequent outcome of this exposure, is the second acquired cause of hearing loss after presbycusis.\[[@ref1][@ref2][@ref3]\] According to the report of the US Department of Labor in 2002, about 10 million workers suffer from NIHL in the US.\[[@ref4]\] The European agency for safety and health at work have estimated that about 28% of workers are exposed to noise level approximately between 85 dBA and 90 dBA in the Europian Union.\[[@ref5]\] Despite the implementation of hearing conservation program (HCP) in many workplaces, NIHL is still a common occupational disorder. It could not be treated but can be prevented.\[[@ref1]\]

HCP is required for workplaces when noise exposure exceeds 85 dBA according to the Occupational Safety and Health Administration (OSHA) guidelines. The main aspect of this program is the screening of hearing thresholds by pure tone audiometry (PTA).\[[@ref6]\]

NIHL typically affects high frequencies bilaterally and by continuation of exposure to noise, it may extend to lower frequencies, that is, speech frequencies that may impair the worker\'s normal hearing.\[[@ref2][@ref3][@ref7]\] Detection of early changes in the hearing threshold before development of clinical hearing loss can help prevent hazardous effects of noise on hearing.\[[@ref8]\] Hearing thresholds in workers exposed to hazardous noise are performed by PTA, but recently other diagnostic tests such as extended high-frequency audiometry (HFA) and otoacoustic emissions (OAEs) were introduced.\[[@ref9][@ref10]\] OAEs are routinely performed for diagnosis of functional hearing loss. Some studies have proved a higher sensitivity of OAEs for the detection of NIHL than standard PTA.\[[@ref11][@ref12]\]

Recent literature shows that smoking may cause sensorineural hearing loss as well.\[[@ref13][@ref14][@ref15][@ref16]\] It is also proposed that hearing loss is directly associated with pack/years of smoking\[[@ref17]\] although some studies have not shown the association between smoking and hearing loss.\[[@ref18][@ref19][@ref20][@ref21]\] Nakanishi *et al*. found 4,000 Hz as the frequency mostly affected by smoking.\[[@ref16]\] Paschoal *et al*. found that 1,000 Hz and 4,000 Hz in OAEs are frequencies with the most sensitivity to smoking.\[[@ref13]\]

A recent issue comprises the simultaneous effects of noise and smoking on hearing. Some studies have shown that smoking and noise may have additive or multiplicative effects on the hearing threshold in standard PTA.\[[@ref17][@ref22]\] We could not find a study on the simultaneous effects of noise and smoking on OAEs.

In this study, we aimed to assess the simultaneous effects of noise and smoking on standard PTA and distortion product OAEs (DP-OAEs) among workers exposed to noise.

Methods {#sec1-2}
=======

In a cross-sectional study, we assessed the simultaneous effects of noise and smoking on DP-OAE response amplitude in workers exposed to industrial noise higher than 85 dBA. Subjects were randomly selected from workers in the tile and ceramic industry who were exposed to noise higher than 85dBA. The subjects were asked to avoid loud noise for 16 h before testing.

Exclusion criteria included: Conductive hearing loss, diabetes mellitus, history of exposure to ototoxic substances or ototoxic drugs, history of head trauma, congenital hearing loss, and unilateral hearing loss. Ex-smokers were also excluded from the study. Subjects were divided into two groups: 105 smokers and 119 nonsmokers.

Data about smoking were obtained from each participant\'s self-report at the time of health evaluation. Smokers were assessed by pack/years of smoking (i.e., the number of cigarettes smoked per day divided by 20 multiplied by years of smoking). In this study, smokers were those who smoked at least 1 pack/year. None of the workers wore hearing protection devices regularly.

The noise in each unit of the factory (i.e., spray drying, forming, drying, glazing, firing, packing, and loading) was measured and the mean exposure of the subjects according to their workstation was calculated. An 8-h equivalent continuous noise level in A-weighted network (LAeq8h) was measured by a calibrated sound level meter (Casella CEL-383, Bedford, England). Measuring time was around 3-5 min in each square, the sound level meter was read at a time interval of 60 s over the measurement duration, and arithmetic mean was calculated.

Then, otoscopic examination was performed for all subjects by an occupational medicine resident (6 subjects were excluded due to abnormal otoscopic examination). Then DP-OAEs were recorded for all subjects (device: Madsen\'s Capella 1089, Denmark) in the fast screen mode by the DPgram method. The f2/f1 (pure tone frequencies) ratio was kept at 1.2:1. At first, noise floor was measured for all frequencies. Frequency from 1,000 Hz to 8,000 Hz was tested. Primary tone intensity levels for f1 (L1) was 65 dB-SPL and for f2 (L2) was 55 dB SPL. Testing was conducted for 3 min in each ear across the frequency range. All testing was conducted in a quiet test room, according to the guidelines of ISO8253-1.\[[@ref23]\] All tests were performed by an audiologist blinded to the study. Abnormal result of DP-OAE was considered as lower than 10 dB sound pressure level (SPL) response amplitude above noise floor in each frequency.\[[@ref24]\]

The study was approved by the Ethics Committee of Shahid Sadoughi University of Medical Sciences (number ≠ 2428). Informed consent was obtained from all participants. Data were analyzed by SPSS software (IBM Corp. Released 2010. IBM SPSS Statistics for Windows, Version 19.0. Armonk, NY: IBM Corp.) using Student\'s *t*-test and Mann-Whitney *U* test. Kolmogorov-Smirnov test was used to evaluate the normality of data.

Results {#sec1-3}
=======

A total of 224 tile and ceramic workers exposed to hazardous noise (higher than 85 dB) were evaluated. One hundred and five subjects were smokers (case group) and 119 individuals were nonsmokers (control group). The mean age and work experience of the subjects were 34.45 ± 5.36 years (range: 21-50 years) and 10.23 ± 5.06 years (range: 2-24 years), respectively. All subjects were exposed to 91.08 ± 2.29 dBA \[time-weighted average (TWA) for an 8 h work shift\]. There was no statistically significant difference between the two groups regarding age, work experience, and exposure to noise \[[Table 1](#T1){ref-type="table"}\].

###### 

Comparison of demographic data between the case group and the control group

  Variables             Smoking status   Mean    SD\*   *P* value
  --------------------- ---------------- ------- ------ -----------
  Age (years)           S\*\*            34.72   5.26   0.39
                        NS\*\*           34.21   5.12   
  Sound level (dBA)     S                91.12   2.51   0.65
                        NS               91.06   2.12   
  Work period (years)   S                10.35   4.63   0.24
                        NS               10.12   4.28   

\*SD = Standard deviation, \*\*S = Smoker, NS = Nonsmoker

Kolmogorov-Smirnov test showed that DP-OAE response amplitudes at all frequencies did not obey normal distribution (*P* \< 0.001 for all frequencies in each ear). DP-OAE response amplitudes were compared between smokers and nonsmokers and the difference was significant at all frequencies \[[Table 2](#T2){ref-type="table"}\].

###### 

Comparison of mean response amplitudes obtained by DP-OAEs between the two groups (Mann-Whitney *U* test)

  Frequency (Hz)   Smoking status   Response amplitude (dBA)   Mean ranks   Z       *P* value                    
  ---------------- ---------------- -------------------------- ------------ ------- ----------- -------- ------- ----------
  1000             RE\*\*\*         S\*\*                      10.41        3.86    10          80.92    −6.22   \<0.001
                                    NS^+^                      13.39        2.77    15          128.07           
                   LE\*\*\*\*       S                          10.41        3.72    10          81.68    −6.01   \<0.001
                                    NS                         13.21        3.11    15          127.44           
  2000             RE               S                          4.89         6.61    5           80.49    −5.90   \<0.001
                                    NS                         9.47         5.31    10          128.44           
                   LE               S                          5.00         5.68    5           80.64    −5.69   \<0.001
                                    NS                         9.07         6.46    10          126.84           
  3000             RE               S                          −1.08        7.36    0           88.26    −4.08   \<0.001
                                    NS                         3.21         7.43    5           121.88           
                   LE               S                          −1.28        6.62    0           80.25    −5.86   \<0.001
                                    NS                         4.03         6.64    5           127.91           
  4000             RE               S                          −11.54       10.31   −15         69.15    −8.22   \<0.001
                                    NS                         1.91         10.22   5           138.00           
                   LE               S                          −9.12        9.89    −10         71.81    −7.63   \<0.001
                                    NS                         2.56         9.89    5           135.76           
  6000             RE               S                          −15.87       10.23   −20         69.35    −8.18   \<0.001
                                    NS                         −2.21        10.49   0           137.84           
                   LE               S                          −15.92       9.95    −20         69.09    −8.24   \<0.001
                                    NS                         −2.73        10.55   0           138.06           
  8000             RE               S                          −13.19       12.64   −15         75.23    −6.92   \<0.001
                                    NS                         −1.78        11.08   0           132.88           
                   LE               S                          −11.80       13.38   −10         81.51    −5.28   \< 0.001
                                    NS                         −2.50        11.21   0           125.35           

\*SD = Standard deviation. \*\*S = Smoker, ^+^NS = Nonsmoker, \*\*\*RE = Right ear, \*\*\*\*LE = Left ear

[Table 3](#T3){ref-type="table"} shows the frequency of abnormal amplitudes of OAEs in different frequencies in each ear while comparing the noise floor.

###### 

Frequency of abnormal response amplitude of OAEs in each ear in different frequencies considering smoking status

  Frequency (Hz)   Abnormal response amplitude, number (%)   Odds ratio   95% CI\*    *P* value               
  ---------------- ----------------------------------------- ------------ ----------- ----------- ----------- ---------
  1000             RE\*\*                                    2 (1.9)      0 (0)       0.45        0.39-0.52   0.21
                   LE\*\*\*                                  3 (2.8)      1 (0.8)     0.27        0.03-2.68   0.33
  2000             RE                                        6 (5.7)      4 (3.4)     0.55        0.15-1.99   0.52
                   LE                                        6 (5.7)      5 (4.2)     0.68        0.20-2.33   0.55
  3000             RE                                        33 (31.4)    19 (15.9)   0.38        0.20-0.73   0.004
                   LE                                        34 (32.4)    10 (8.4)    0.17        0.08-0.38   \<0.001
  4000             RE                                        76 (72.4)    26 (21.8)   0.08        0.04-0.15   \<0.001
                   LE                                        69 (65.7)    24 (20.2)   0.11        0.06-0.20   \<0.001
  6000             RE                                        92 (87.6)    85 (71.4)   0.15        0.06-0.41   \<0.001
                   LE                                        95 (90.5)    84 (70.6)   0.06        0.01-0.24   \<0.001
  8000             RE                                        77 (73.3)    31 (26.1)   0.09        0.05-0.18   \<0.001
                   LE                                        70 (66.6)    44 (36.9)   0.24        0.13-0.44   \<0.001

\*CI = Confidence interval, \*\*RE = Right ear, \*\*\*LE = Left ear

Discussion {#sec1-4}
==========

NIHL is an irreversible occupational disorder that can be prevented by HCP. Periodic evaluations of hearing among workers with exposure to noise constitute one of the main activities in HCP, which helps in early case finding. Recently, OAEs have been proposed as a test for the early diagnosis of NIHL. Some studies have shown OAEs to be more sensitive to noise than PTA.\[[@ref10][@ref25]\]

Smoking as a risk factor for hearing loss is a concern but data are controversial about its effect on hearing and its impact on NIHL when a worker is simultaneously exposed to noise and smoking. Similar to noise, smoking affects 4,000 Hz most frequently than other frequencies.\[[@ref16][@ref22][@ref26]\] In a study, it has been shown that smoking affects 1,000 Hz and 4,000 Hz in transient evoked OAEs (TE-OAEs).\[[@ref13]\]

In this study, we evaluated the simultaneous effects of noise and smoking on DP-OAE response amplitude in workers exposed to hazardous noise. The workers were selected from the tile and ceramic industry and their demographic data and noise exposure were similar.

In the current study, we found that both smokers and nonsmokers suffered from hearing loss. DP-OAE response amplitude was significantly lower among smokers. Abnormal response amplitude was observed most frequently at 6,000 Hz followed by 4,000 Hz in both ears, probably due to the noise spectrum in the tile and ceramic industry. Smokers more frequently showed abnormal DP-OAE response amplitude based on noise floor measurements. We could not find other studies on the effect of smoking and noise on OAEs.

This study had some advantages. In this study, the simultaneous exposure to noise and cigarette on hearing was evaluated by DP-OAEs in addition to conventional audiometry. We compared DP-OAE response amplitude among two similar groups regarding the exposure to noise, age, and work experience. This study had some limitations as well. We could not assess how the workers used hearing protection devices in detail. We excluded the females due to their small number, so the results could not be extrapolated to female workers.

Conclusion {#sec1-5}
==========

This study showed that smoking can aggravate the effect of noise on response amplitudes of DP-OAEs.
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